Abstract Methods to measure consistent individual differences in behavior (i.e. animal personality) fall into two categories, subjective ratings and behavioral codings. Ratings are seldom used despite being potentially more efficient than codings. One potential limitation for the use of ratings is that it is assumed that long-term observers or experts in the field are required to score individuals. This can be problematic in many cases, especially for long-term ecological studies where there is high turnover in personnel. We tested whether raters who were unacquainted with subjects could produce reliable and valid personality assessments of yellow-bellied marmots Marmota flaviventris. Two raters, previously unacquainted with individuals and marmot behavior, scored 130 subjects on fifteen different adjectives in both open-field (OF) and mirror image stimulation (MIS) trials. Eight OF and nine MIS adjectives were reliable as indicated by both a high degree of intra-observer and inter-observer reliability. Additionally, some ratings were externally valid, correlating with behavioral codings.
2 as more efficient than behavioral codings because of how quickly they can be conducted once an observer is trained (Vazire et al., 2007) .
Despite the potential advantages of ratings, short-and long-term studies with high personnel turnover may not utilize this method because of the notion that raters must be well acquainted with subjects in order to accurately assess personality. Consequently, in the majority of studies that use ratings, observers are commonly breeders, trainers, or long-term animal care providers (Carter et al., 2012; Fratkin et al., 2013; Uher and Asendorpf, 2008; Wilsson and Sinn, 2012) . This can be problematic for long-term ecological studies where there is high turnover in personnel. Additionally, a potential consequence of using well-acquainted observers is the potential for confirmation bias due to preconceptions that raters may have of animal subjects (Highfill et al., 2010) . Surprisingly, we do not yet fully understand how acquaintance with subjects may influence ratings in either captive or wild studies.
There is research to suggest that while reliability of measures increases with level of acquaintance, raters less acquainted with subjects can also score subjects satisfactorily (Martau et al., 1985; Wemelsfelder et al., 2000) . In Martau et al.'s (1985) study of 12 Japanese macaques Macaca fuscata, well acquainted and less acquainted raters scored individuals. Less acquainted raters observed subjects for up to 1 hour a day for 5 days before rating those same individuals while familiar raters observed subjects for 2 hour a day for up to a month. Although well-acquainted raters had higher inter-observer agreements, raters less familiar with the animals were still able to achieve high inter-observer agreement. However, in this case, the less acquainted raters had a level acquaintance with test subjects typically not achievable in many field studies. Wemelsfelder et al. (2000) found that multiple unacquainted observers had clear agreement in how they qualitatively described pig behavior, but these observer ratings were not tested for validity.
Before a measurement can be informative, it must be both reliable and valid. Reliability can be assessed with two methods: inter-rater agreement, and test-retest reliability (Vazire et al., 2007) . Inter-rater agreement, typically measured by intra-class correlation coefficients, is an index of how well multiple observers agree in their personality ratings of an individual. Gosling (2001) , in an extensive review of animal personality, found that inter-observer agreement in animals was comparable to reliability estimates in the human personality literature (grand mean 0.52). Furthermore, reliability is also assessed through test-retest reliability, or repeatability. This statistic describes how consistent an individual's personality score is across time. Repeatability depends upon taxa, sex, age, laboratory vs. field, and length between tests (Bell et al., 2009; Gosling, 2001) . Gosling (2001) found that test-retest reliabilities were generally high with a range from 0.31-0.90.
Validity is an index of how well a measurement is describing what it is supposed to measure (Vazire et al., 2007) .
Validity can be assessed with a number of techniques. One common method to assess the external validity of ratings is to compare them to behavioral codings that are associated with that particular adjective (Gosling, 2001) . For example, an individual rated as being highly sociable may spend more time at a mirror during a mirror image stimulation test or be more embedded in a social network. There are several examples of acquainted raters, up to two hours pre-trial observation, assigning subjective scores that externally predict an individuals behavioral coding in other tests (Fox and Millam 2010; Barnard et al., 2012; Carter et al., 2012 ).
Here we test the reliability and validity of ratings on a long-term study of yellow-bellied marmots Marmota flaviventris with raters that were unacquainted with individuals and, before training, with their species-specific behavior.
If subjective ratings are reliable and valid, personnel unacquainted with subjects can use them in standardized test situations.
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Study area and system
We conducted experiments in and around the Rocky Mountain Biological Laboratory (RMBL, 38°57'N, 106°59'W), Gothic, CO, USA in 2010 (May-August). Marmots were regularly live-trapped and transferred to a cloth, handling bag where sex, reproductive status, and mass were determined. Marmots were marked with permanent ear tags for identification as well as unique fur marks (with Nyanzol fur dye) for observation from afar. Almost all marmots from the population are trapped at least once during the active season (mid-April to mid-September). Yellow-bellied marmots from this population have been previously shown to have personalities (Armitage and Van Vuren, 2003; Svendsen and Armitage, 1973) . yearling males, 16 adult females, and 10 adult males). Seventy-seven animals were tested twice, with six of those animals being tested a third time. All trials were included in analyses. Marmots were trapped opportunistically, and therefore individuals were tested sporadically throughout the active season. We used open field and mirror image stimulations because they are standardized; rating individual personality in natural settings would require raters to understand both the social and environmental context in which the behavior was recorded. Furthermore, we included juvenile individuals because they have been shown to exhibit personality (Armitage, 1986a ; unpublished data).
General tests

Personality measurements
Subjective ratings
Videos of trials were sorted and viewed by sex and age categories to control for sex-specific ontogenetic variation in behavior. Thus, all scores were relative to the same age/sex category and not between all individuals. We chose 15 adjectives (S Table 1 ), some from a previous list used on rhesus macaques (Capitanio, 1999) , and others that have been used recently on studies of heteromyid rodents with high intraclass correlations (L. Baker, pers. comm., University of British Columbia). Marmots were scored on a scale from 1-7 in increments of 0.25, where 1 describes the individual as not exhibiting the trait, while 7 describes the trait being fully exhibited. This is similar to the method employed by Capitanio (1999) , except we allowed for a finer division of ratings.
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Two raters (UCLA undergraduates) were chosen from a pool of undergraduate applicants. Neither rater had observed marmot behavior prior to watching these trials. Both raters were given the adjectives and viewed trials from juvenile, female marmots. After viewing, raters and MP discussed the adjectives and the behaviors that potentially constituted each adjective. Each rater scored 15 randomly selected juvenile female OF/MIS trials and scored them up to five times until they had high intra-rater agreement. High intra-rater agreement was defined as scores having a r S > 0.90.
Raters watched, but did not score, 10-15 trials of the subsequent sex/age category (e.g., juvenile females; juvenile males; yearling females, etc.) to understand differences in behavior between individuals and the previous category. All trials were watched and rated on computers at UCLA.
Quantitative codings
Behavior was scored using the event recorder JWatcher (Blumstein and Daniel, 2007) to calculate the number of events and the proportion of time spent walking, looking (quadrapedal and bipedal), jumping, alarm calling, smelling or sniffing, and, for MIS only, scratching, pawing, or pressing their nose against the mirror. Additionally, activity was scored by counting the number of lines crossed using the nose of the subject as an indicator of its location, proportion of squares visited, and for MIS only, the proportion of time spent in front of the mirror and on the mirrored half of the arena (S Table 1 ). Prior to scoring trials, scorers were trained to have high intra-and inter-observer agreement (r > 0.95).
To ensure high intra-and inter-observer agreement in quantifying behavior, MP scored a trial multiple times until the frequencies of all behaviors were equal and total durations of behaviors were within 5% between each scoring events.
This method was carried out for five trials. Other scorers had to record the same behavioral frequency and estimated durations to ensure inter-observer agreement. Raters did not code behaviors. This was done by MP and other trained UCLA undergraduates.
Analyses
Inter-rater and test-retest reliability
All individual marmots were grouped for analysis. We analyzed OF and MIS separately. To assess inter-rater reliability for each of the 15 adjectives, we used an intraclass correlation coefficient (ICC) using a two way mixed model that measured consistency because both coders rated all individuals (Shrout and Fleis, 1979) . Adjectives that had a significant ICC (P < 0.05) were included in future analyses. All further analyses were based on a single rating that was obtained by averaging rater scores.
We assessed test-retest reliability using individual repeatability. To obtain repeatability for individual marmots, we fit a linear mixed effects model for each adjective with age category, sex, age category * sex, rater, and trial as fixed effects, and individual as a random effect. Age category and sex have been found to influence other behaviors, including personality dimensions . We included the scores from both raters in the model and included rater as a fixed effect. We also included trial to control for habituation effects. We estimated the repeatability of each adjective by dividing the variance explained by the individual by the total phenotypic variance explained by the model. Significance of repeatability was estimated with a log-likelihood ratio test (Pinheiro and Bates, 2000) . Only adjectives that had significant inter-rater and test-retest reliability were included in rating validity.
Validity of ratings
We tested rating external validity by including all ratings with behavioral codings in a principal component analysis.
Ratings and codings that are correlated load onto the same component (J.G.A. Martin, pers. comm., University of Aberdeen). We used a Varimax rotation to aid in interpretation. For component selection, we conducted a parallel PETELLE MB, BLUMSTEIN DT: Can subjective personality ratings work? 5 analysis with 1000 randomly selected data sets with 95% confidence intervals for both OF and MIS PCAs. Significant components were kept for further interpretation (O'Connor, 2000) . Variables with values > |0.40| were used to interpret factors. All analyses were conducted in SPSS v. 18.0 (Chicago, Il) and R 2.14.0 (R Development Core Team 2011) with the package lme4 (Bates et al., 2011) . We set our alpha to 0.05.
Results
Inter-rater reliability and test-retest reliability
Eight of the fifteen adjectives for OF had significant ICCs. Additionally, nine of the fifteen adjectives for MIS had significant ICCs (Table 1) 
Validity of ratings
Principle component analysis for the open field test extracted two components explaining 57.13% of the variation. (Table 3) .
Discussion
Numerous studies have already found that acquainted raters can assess personality (Gosling, 2001 ), thus, this study investigates whether unacquainted raters can reliably and validly score personality traits. We found that subjective ratings by unacquainted raters were reliable and valid for two personality traits--activity/exploration and sociability.
Specifically, subjective ratings within open-field tests were used to identify an activity/exploration personality trait PETELLE MB, BLUMSTEIN DT: Can subjective personality ratings work? 6 while mirror image stimulation identified both an activity and a sociability personality trait. These results suggest that in certain standardized tests, subjective ratings made by people not intimately familiar with the subjects can be a useful method to quantify personality dimensions.
Reliability of personality measurements
The majority of our adjectives had significant inter-rater reliabilities. Six adjectives with significant ICCs were shared across both OF and MIS tests. This suggests that these adjectives are perhaps easier to recognize within and across situations. Active, curious, excitable, protective, and solitary were all found to have similar, if not higher, interrater reliability than other studies (0.62, 0.47, 0.38, 0.38, and 0.43 respectively) (see Gosling, 2001 ). Other adjectives, however, may not be appropriate for all contexts, thus accounting for differences in reliability scores, or differences between individuals may be too subtle for specific tests or observers to identify (Meagher, 2009) . Interestingly, only two of the five adjectives, active and curious, were observed to have high observability across species. Observability refers to how visible a trait is within a given situation or context. We are not sure why the other three adjectives were so high compared to Gosling's (2001) findings, perhaps these adjectives are appropriate for this species within this context, and are thus more observable. Open-field tests, for example, were designed to assess fear and activity, thus it is not surprising that adjectives describing these traits may be easier to rate in this situation. Conversely, both aggression and playfulness are commonly thought of as social attributes and might therefore be more observable in the mirror-image stimulation.
Of those adjectives with significant inter-rater reliabilities we found many of these to be repeatable. Personality, by definition, must be repeatable, and therefore the test-retest reliability is essential to include in any analysis of ratings. As our study shows, adjectives that have high inter-rater agreement are not necessarily repeatable, and thus should not necessarily be viewed as personality traits without further justification. Additionally, our repeatability estimates are generally moderate, but fall within the range of repeatable behaviors (Bell et al., 2009 ).
We should note that we did not test all individuals multiple times. While this could affect repeatability estimates for linear mixed effects models, Martin et al. (2011) advised that large data sets (n > 200) are sufficient to estimate individual differences, and that including individuals with one observation actually increases the power to detect these differences. Therefore, we are confident that our results accurately reflect the test-retest reliability of these adjectives.
We recognize that the use of two raters can result in an overestimate of ICC scores, and therefore our results indicate the upper-limit for reliability in these scores. However, our results suggest that just two raters can reliably score certain adjectives. Studies that use acquainted raters typically rely on one to five raters (Martau et al., 1985; Highfill et al., 2010; Barnard et al., 2012) . Moreover, this experiment is part of an ongoing ecological study where high personnel turnover is common. Consequently we have a vested interest in determining if a minimum number of unacquainted raters will suffice in judging personality.
Validity of subjective ratings
Principle Component Analysis revealed that the five reliable adjectives in the OF test were correlated with behaviors that can often be used to define an activity or exploration trait. Thus, our study suggests that raters, unacquainted with subjects, were able, with minimal training, to use adjectives that describe an active/exploration personality trait during OF tests. Our results are consistent with other studies on Alpine marmots where the first component reveals an activity/exploration trait with movement and upright posture being correlated (Ferrari et al., 2013) .
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We also found that raters were able to describe activity/exploration within the MIS test along with a sociability component. MIS tests are widely used to assess how individuals interact with an unknown conspecific, and therefore they are often used as a metric of sociability (Armitage, 1986a; Armitage, 1986b) . Additionally, we found an excitability component with aggressive, excitable, and oppositional loading significantly with number of jumps. This component was not seen in the OF test, suggesting that these correlated behaviors are related to being exposed to a mirror. Excitability has been shown in a number of studies that use ratings and is common in laboratory studies of rats (Cerbone, 1993; Gosling and John, 1998) .
Interestingly, the fact that curious loads positively on two components, activity/exploration and sociability, suggests that subjective ratings provide a broader qualitative description, or holistic view of individuals, which may cover multiple traits (Uher and Asendorpf, 2008) . Surprisingly, we found that adjectives that describe sociabilityplayful and aggressive-were not associated with time spent at the mirror. This suggests that although adjectives such as playful and aggressive can be reliably scored, they are not externally valid in this context to explore sociability.
Adjectives that were not reliably scored, or were reliable and not valid, may result from the tests not being ecologically relevant. These adjectives may be more observable (reliable and valid) if underlying tests are able to expose those underlying traits. Another potential method to pinpoint more relevant adjectives is to have them chosen to reflect traits known to exist in the test species (e.g. Armitage, 1986b and Blumstein et al., 2006) . For example, mirror image stimulation codings have previously been used to determine sociability in marmots. These MIS scores were ecologically relevant, correlating with social interactions and reproductive success (Armitage and Van Vuren, 2003) .
Although these adjectives are useful in describing personality traits in this specific population of marmots, each species and population has different traits and correlation between those traits (Bell and Stamps, 2004; Dingemanse et al., 2007) .
Thus, a different set of adjectives may be a better indicator of personality traits. Taking a bottom-up approach, or watching individuals in ecologically relevant situations and then listing potential adjectives might be a more effective way of using adjectives (Uher and Asendorpf, 2008) . Thus, for long-term ecological studies, personnel well acquainted with the species and individuals in the population should determine adjectives and tests used to define personality traits (Meagher, 2009 ). This method can potentially be used for a number of taxa including some invertebrates given that the personality traits are highly observable in a standardized test. For example, it may be very easy for unacquainted observers to rate individuals on an activity/exploration axis in an open field test.
Our study suggests that projects with high personnel turnover should be able to effectively use ratings to reduce time and resources to score behaviors and quantify some personality traits provided that raters are properly trained beforehand and subjects are tested in a standardized manner. Those traits studied, however, should be restricted to ones that are explicitly observable. For example, our study shows that OF and MIS tests can be used to identify active and active/sociable traits, but not other traits. Indeed, the reliability of difficult to score traits should be generally scrutinized when relying on expert raters. 
